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Abstract 
Wood is biodegradable material. Using wood in long term requires preservation and protect. Wood preservation is 
able to lengthen its life at least three times than non-treated wood. Lignocelluloses biomass bio-oil is potential 
substrates as wood preservative. One of potential source as lignocelluloses biomass bio-oil is oil palm trunk. 
Production of lignocelluloses biomass bio-oil is influenced by numerous parameters such as, moisture content of 
wood, temperature and time of combustion. Response Surface Methodology (RSM) is a powerful and efficient 
mathematical approach widely applied in the optimization of process. The objectives of this research are to search 
an optimum condition of production of lignocelluloses biomass bio-oil of oil palm trunk. Optimization of production 
process of lignocelluloses biomass bio-oil is carried out by using RSM with three variable designs as introduced by 
Box-Behnken, including pyrolysis temperature at 350qC, 400qC and 450qC; pyrolysis time of 60 minutes, 90 
minutes and 120 minutes; and moisture content of 10%, 12.5% and 15%  with 15 runs. The result shows that 
optimum production of lignocelluloses biomass bio-oil of oil palm trunk is obtained at pyrolysis temperature of 
446.11qC; pyrolysis time of 119.98 minutes and oil palm trunk moisture content of 9.26% and rendemen of 
production was 42.05%. This information will increase the optimization production of wood preservatives material 
from oil palm trunk in industrial scale. 
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1. Introduction 
         Lignocelluloses biomass bio-oil, which is also called liquid smoke or wood vinegar, is a substance produced 
from wood carbonization process at a high temperature in the absence of oxygen [1]. Because of complex chemical 
composition, lignocelluloses biomass bio-oil may be a potential source as antifungal and termiticidal activities [2-5]. 
Oramahi et al. [3] investigate termiticidal activity of  biomass bio-oil from Laban wood against Coptotermes 
curvignathus Holmgren.  Biomass bio-oil from Laban wood was made with three pyrolysis time, i.e. 350oC, 400oC 
and 450oC and concentration for preservation were 5%, 10% and 15%. The result states that biomass bio-oil from 
Laban wood produced at a pyrolysis temperature of 400oC and 450oC with concentration 10% showed high 
termiticidal activities against C. curvignathus.   
Moreover, production of lignocelluloses biomass bio-oil is influenced by numerous parameters like moisture 
content of wood, temperature and time of combustion [6-10], may significantly influence the composition and 
production of biomass bio-oil. The statistical methods are believed to be effective for screening key factors rapidly 
from a multivariable system to maximizing the production of biomass bio-oil [6-7].  Demiral and Ayan [7] reports 
that the maximum yield of biomass bio-oil from grape bagasse achieved at the final pyrolysis temperature of 550oC 
was 27.60%. Meanwhile Islam [8] states that the variation of percentage of  biomass bio-oil yield is influenced by 
temperature of pyrolysis. Next, Response Surface Methodology (RSM) is a collection of mathematical and statistical 
techniques which can be used to define the relationships between the response and the independent variables, and 
the objective is to maximize this response [11-14]. RSM has been successfully used to maximize bioproduction of 
cellulase by Aspergillus nidulans MTCC344 [15], optimization of biocatalytic biodiesel production from pomace 
[16], optimization of mixotrophic medium components for biomass production and biochemical composition 
biosynthesis by Chlorella vulgaris [17].  All the cellulosic materials can be applied to make lignocelluloses biomass 
bio-oil. Oil palm trunk is a big source of cellulosic material in West Kalimantan Indonesia. The oil palm plantation 
has reach 1.060.251 hectare [18]. The objective of the research is to develop a maximum production of 
lignocelluloses biomass bio-oil from oil palm trunk.  
2. Materials and Methods 
2.1.  Preparation and Pyrolysis of  Lignocelluloses Biomass Bio-oil  
      Lignocelluloses biomass bio-oil is produced from burning wood meals of oil palm trunk. The material was 
collected from Pontianak Regency, West Kalimantan, Indonesia. It was converted into wood meals by a willey mill 
with 40-60 mesh screens, and air dried to about 10%, 12.5% and 15% of moisture content in Wood Workshop 
Laboratory, Faculty of Forestry, Tanjungpura University, Pontianak, West Kalimantan, Indonesia.  This material 
was put into a closed reactor and heated up to desired temperature of 350qC, 400qC and 450qC; pyrolysis times of 
60, 90 and 120 minutes; and moisture contents of 10%, 12.5% and 15% with 15 runs.  
2.2. Experimental Design 
RSM was applied to observe influence of pyrolysis temperature (x1), pyrolysis times (x2) and moisture contents 
of wood (x3) in regard to one response. The three factors and the Box and Behnken Design (BBD) design for RSM 
(low, medium, high) has been employed in this study [19]. The levels of each independent variables are given in 
Table 1. The experiment design chosen for this research was Box and Behnken Design (BBD). Experiments were 
carried out according to design point with independent variables including pyrolysis temperature at 350qC, 400qC 
and 450qC; pyrolysis times 60, 90 and 120 minutes; and moisture contents of 10%, 12.5% and 15% with total of 15 
experimental runs. The treatment of RSM in order to optimize production of biomass bio-oil is shown in Table 1. 
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Table 1. Independent variable and levels used for the Box-Behnken Design 
 
Independent Variable Symbol 
Levels 
Low Center High 
-1 0 1 
Pyrolysis temperature (oC) X1 350 400 450 
Pyrolysis times (min) X2 60 90 120 
Moisture contents of oil palm trunk (%) X3 10 12.5 15 
 
RSM was applied to analyse the effect of independent variables on response parameter (production 
lignocelluloses biomass bio-oil in %) by matching the responses studied (Y) using the second-order polynomial 
equation as follow: 
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 where 0E iE , iiE  and ijE are the regression cofficients for intercept, linear, quadratic and interaction terms, 
respectively, and ix , jx are the independent variables [20, 21]. To evaluate the predictive value, both formula’s 
maximum and minimum value, this research used canonic analysis. Canonic analysis is looking for the value of 
eigen from matrix B. The equation is: 
Y = Yo + O1 W12 +  O2 W22 + … + Ok Wk2                                                                                                                                             (2)             
If all the value of O is positive then the graphic result is minimum. If all the value of O is negative then the 
graphic result is maximum,  but if  O value is both positive and negative, then the graphic was saddle. 
 
3. Results and Discussion 
 
3.1. Maximizing the Production of Lignocelluloses Biomass bio-oil from Oil Palm Trunk 
 
Maximizing of lignocelluloses biomass bio-oil production using Response Surface Methodology is selected as 
the responses for combination of independent variables. RSM used as an experimental design for extract the 
complex information with reduction experimental time, material and personnel cost [22]. RSM is a statistical 
method that has been widely used for optimization of the process. Several researchers applied RSM based on 
multivariate non-linear model to achieve maximum process of adsorption [23-24]. Out previous research [6] applied 
RSM for maximizing production of lignocelluloses biomass bio-oil from bark of durian. 
Result of the research is shown in Table 2. Maximum (stationer point) lignocelluloses biomass bio-oil is at 
pyrolysis temperature of 456.11qC (1.12), pyrolysis time of 139.98 minutes (1.66) and moisture content of 9.26%        
(-1.30). Bedmutha et al. [25] report that several factors contribute to maximize production of lignocelluloses 
biomass bio-oil are temperature of pyrolysis around 380-470qC, then time of pyrolysis around 120-150 minutes. 
Oramahi and Diba [6] report that maximum yield of lignocelluloses biomass bio-oil from durian bark is 39.46%, 
achieved at final pyrolysis temperature of 421oC; time pyrolysis of 72.9 minutes and particles moisture content of 
13.95%. Heo [26] reports that maximum production of lignocelluloses bio-oil from furniture sawdust yield is 58.1%, 
obtained at temperature of pyrolysis of 450oC. They found that at higher temperature of 500oC, the bio-oil yield is 
lower than pyrolysis temperature (450oC). The reason for the higher bio-oil yield at this temperature is due to the 
secondary reaction of heavy-molecular-weight compounds in pyrolysis vapor [27]. RSM analyze effects of factors 
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response and interactions between the factors. It does not elucidate the mechanism [28]. RSM examines the 
responses of several factors and a powerful tool for statistical model [29]. 
 
Table 2. The Box-Behnken Design of the observed responses and predicted value for the production of lignocelluloses biomass bio-oil from oil 
palm trunk 
 
Run X1 X2 X3 Production of lignocelluloses biomass bio-oil  (%) 
Observed Predicted 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
-1 
-1 
1 
1 
-1 
-1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
1 
-1 
1 
0 
0 
0 
0 
-1 
-1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
1 
-1 
1 
-1 
1 
-1 
1 
0 
0 
0 
19.29 
25.00 
32.50 
38.00 
22.50 
22.50 
37.50 
35.83 
21.67 
25.42 
39.17 
36.67 
30.00 
36.25 
35.83 
16.83 
26.93 
30.57 
40.45 
22.40 
23.13 
36.87 
35.93 
24.23 
27.25 
37.35 
34.11 
34.03 
34.03 
34.03 
 
The coefficient value of the predicted models in this response is 0.91 indicating a relatively good fit to predict 
these response variables (Table 3). The value of coefficient of variation (CV=11.76%) is low. It indicates a very 
high degree of precision demonstrating the result found is precise. At the same time, variability above 90% in the 
response can be explained by the model. CV is very low, which indicates a very high degree of precision and 
reliability of research results [6, 30].  
 
          Table 3. Regression coefficients of the predicted quadratic polynomial model 
 
Sources of variation Coefficient of 
polynomial 
Error t-value Pr>t 
Intercept  
X1 
X2 
X3 
X1 * X1 
X2 * X1 
X2 * X2 
X3 * X1 
X3 * X2 
X3 * X3 
34.03 
6.82 
5.00 
-0.05 
-3.24 
-0.06 
-2.09 
-0.42 
-1.56 
-1.20 
 
2.07 
1.27 
1.27 
1.27 
1.87 
1.80 
1.87 
1.80 
1.80 
1.87 
 
16.42 
5.37 
3.94 
0.04 
-1.74 
-0.03 
-1.12 
-0.23 
-0.87 
-0.64 
0.00 
0.00 
0.01 
0.97 
0.14 
0.98 
0.31 
0.83 
0.42 
0.55 
          Coefficient of variation = 11.76%, R2 = 0.91 
 
 
The two dimensions (2D) contour plot and three dimensions (3D) response surface curve of graphical illustration 
on effect of pyrolysis temperature and moisture content of wood on production of Lignocelluloses biomass bio-oil 
(Figures 1, 2 and 3). The maximum production was achieved from equation 3 is on pyrolysis temperature 456.11qC 
(1.12), pyrolysis time of 139.98 minutes (1.66) and moisture content of 9.26% (-1.30).  
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Fig. 1. (a) Contour plots ; (b) Surface plot stationer showing the effects of pyrolysis temperature (x1) and pyrolysis time (x2) at 12.5% 
moisture content of oil palm trunk (x3) on the production of lignocelluloses biomass bio-oil of oil palm trunk (Y ) 
 
 
 
 
 
 
 
 
 
 
 
a 
b 
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Fig. 2. (a) Contour plots;  (b) Surface plot stationer showing the effects of  pyrolysis temperature (x1) and moisture content of oil palm trunk  
(x3) at  90 min pyrolysis time (x2)  on the production of lignocelluloses biomass bio-oil of oil palm (Y) 
 
 
 
 
a 
b 
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Fig. 3. (a) Contour plots  and (b) Surface plot stationer showing the effects of pyrolysis time (x2) and moisture content of oil palm trunk (x3) 
at 400oC pyrolysis temperature  (x1) on the production of lignocellulosic biomas bio-oil of oil palm (Y) 
 
 
The analysis of variance for quadratic model is shown in Table 4. The results indicate that the contribution of 
quadratic model is not significant. On the other hand, linear is significant (p<0.05). 
 
a 
b 
776   H.A. Oramahi et al. /  Procedia Environmental Sciences  28 ( 2015 )  769 – 777 
                                           Table 4. Analysis of variances (ANOVA) for quadratic model 
Regression DF Sum of squares R2 F-value 
Linear 
Quadratic 
Cross product 
Total Model 
3 
3 
3 
9 
571.68 
53.90 
19.47 
636.06 
0.82 
0.08 
0.02 
0.91 
0.006 
0.347 
0.844 
0.038 
 
The responses of the BBD fit with a second-order polynomial equation: 
Y = 34.03 + 6.82 X1 + 5.00 X2 – 0.05 X3 – 3.24 X12 – 2.09 X22 + 0.06 X1.X2 - 0.42 X1.X3 – 1.56 X2.X3 – 1.20 
X3.X3.                                                                                                                                                     (3) 
 
The equation of canonical is:   Y = 34.03 – 0.74 W12  – 2.52 W22 –  3.27 W32                                       (4) 
 
The roots are -0.74; -2.52; and -3.27 for O1, O2 and O3 respectively. Canonical analysis of surface responses reveals 
that stationer surface is in maximum value since values of O1, O2 and O3 are all negative. 
4. Conclusions  
    RSM is applied to determine parameters at which the production of lignocelluloses biomass bio-oil from oil palm 
trunk could be maximized. Maximum production of lignocellulosic biomass bio-oil from oil palm trunk was yield of 
42.05% with the pyrolysis temperature; pyrolysis time and moisture content of wood meal were 456.11%, 139.98 
minutes, and 9.26%, respectively. The product is able to be applied for wood preservation. 
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